Since 1996, the transverse beam sizes at the SLC interaction point (IP) can be determined with a 'laser wire', by detecting the rate of Compton-scattered photons as a function of the beam-laser separation in space. Nominal laser parameters are: 350 nm wavelength, 2 mJ energy per pulse, 40 Hz repetition rate, and 150 ps FWHM pulse length. The laser system is presently being modified to enable measurements of the longitudinal beam profile. For this purpose, two laser pulses of slightly different frequency are superimposed, which creates a travelling fringe pattern and, thereby, introduces a bunch-to-bunch variation of the Compton rate. The magnitude of this variation depends on the beat wavelength and on the Fourier transform of the longitudinal distribution. This laser heterodyne technique is implemented by adding a 1-km long optical fibre at the laser oscillator output, which produces a linearly chirped laser pulse with 4.5-A linewidth and 60-ps FWHM pulse length. Also, the pulse is amplified in a regenerative amplifier and tripled with two nonlinear crystals. Then a Michelson interferometer spatially overlaps two split chirped pulses, which are temporally shifted with respect to each other, generating a quasi-sinusoidal adjustable fringe pattern. This laser pulse is then transported to the Interaction Point.
INTRODUCTION
At the interaction-point (IP) of the Stanford Linear Collider (SLC), the bunch length has long been one of the least controlled beam parameters. Due to a variety of effects, the IP bunch length can easily vary between about 0.4 and 1.5 mm rms. For example, the bunch length is sensitive to changes of the linac rf phase due to bunch compression (or anticompression) in the collider arcs (the transport lines connecting linac and IP), to steering in the bunch compressor (RTL) and to longitudinal instabilities in the damping rings [3] . A diagnostic for monitoring the IP bunch length is desirable, since there is circumstantial evidence for a correlation of bunch length and luminosity, and since the predicted luminosity enhancement due to disruption [2] and the effect of longitudinal wake fields are both strongly bunch-length dependent.
One promising scheme to measure the bunch length uti- which are inferred from the variation of the Comptonscattering rate as the electron or positron beams are moved across the laser beam. In this paper, we describe a modification of the laser system which will allow us to also measure the (average) longitudinal beam profile.
MEASUREMENT PRINCIPLE
The method of choice was first proposed in Ref. 141: Two collinear laser pulses of slightly different frequency are superimposed to generate a non-stationary fringe pattern. For a sufficiently small beat frequency, the spacing between fringe maxima and minima is comparable to, or larger than, the bunch length. Assuming the phase between fringe pattern and beam is random, the Compton rate will vary from pulse to pulse. The depth of this variation, M , is proportional to the Fourier transform of the longitudinal profile (2) and W b = w 1 -w 2 = w/A (AA). Here w1, wg are the frequencies of the two overlaping laser pulses, while X the average wavelength and (AA) the difference in wavelength between the two pulses. By measuring the variation depth M at different beat frequencies W b , the entire Fourier transform of the bunch spectrum can be obtained. Ref. [4] also introduces a dilution factor caused by the finite transverse sizes of electron and laser beams. Due to the smallness of the SLC IP beam sizes, this factor is not relevant for our application here.
LASER SYSTEM
The first stage of the existing laser is a mode-locked Nd:YLF oscillator, that produces 150 ps pulses, with 2 nJ of energy at 119 MHz repetition rate and is phase locked to the accelerator rf frequency. Subsequently, some of these laser pulses are amplified in a Nd:YLF regenerative amplifier (RA), where in approximately 10 roundtrips they reach an energy of 9 mJ, each at a repetition rate of 40
Hz. In order to achieve the smaller possible laser spot size in the IP, the laser pulse frequency is tripled using a dou- and 40 Hz repetition rate [ 11. The system is converted into a bunch-length monitor by adding a l-km long optical fiber between oscillator and RA, and a Michelson interferometer after the harmonic generation, while also taking into account the effect of gain narrowing in the RA and of the nonlinear crystals on the bandwidth of the laser pulse [5] . A rough schematic of the original and upgraded laser systems is shown in Fig. 2 The initial laser pulse produced by the mode-locked oscillator is 150 ps long and has a linewidth of 0.1 A. Selfphase modulation (SPM) in the optical fiber increases the linewidth to about 4.5 A and group-velocity dispersion (GVD) lengthens the pulse to 210 ps. The intensity of the input and output pulses in the fiber and the chirping introduced on the output pulse is shown in Fig. 3 .
In the RA, the length of this 'chirped' pulse is reduced to 60 ps and the linewidth is decreased to about 3.5 A, due to 'gain-narrowing' as shown in Fig. 4 . 
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which represents a quasi-sinusoidal fringe pattern with an effective wavelength difference of A A =: X22bo(Az)/(m2); 10 is the peak intensity of the original pulse. As an example, Ax = 0.9 mm corresponds to AA = 0.5 A. Figure 5 shows an exemplary fringe pattern according to Eq. (4).
fringe intensity, Ax = 0.9 mm The fringe pattern will be monitored by converting the laser beat wave into infrared (IR) radiation using a photoconducting GaAs antenna. This radiation in turn is characterized with a (second) Michelson interferometer operating in the IR, that is followed by a Si-based bolometer [6, 71.
RESOLUTION
For SLC bunch lengths, highest sensitivity is achieved when the wavelength difference AA is chosen as about 0.3 A (see Fig. 1 ). For this value of AA and assuming uz x 1 mm, the relative change of the signal M is approximately equal to that of the bunch length: AM/M M Aoz/rz. Several effects determine the achievable bunch-length resolution.
During the last SLC run, a larger IP beam-orbit variation than that quoted above was observed over a time period of a few minutes. The reason was that the IP beam-orbit feedback is not active when one of the colliding beams is dumped while measuring the size of the other. This problem can be avoided by intermittently reestablishing the collisions, between laser-wire scans.
In conclusion, we expect to measure the bunch length and bunch profile with a relative accuracy better than 10%.
OUTLOOK
The laser-heterodyne bunch-length monitor at the SLC interaction point will be commissioned in the summer of 1997. The monitor is expected to prove a valuable diagnostic tool for SLC operation. Specifically, it should facilitate linac RF phasing and RTL tuning, support studies of final-focus wakefields and disruption luminosity enhancement, and be used as a calibration for a multi-channel RF bunch-length monitor which has recently been installed in the SLC South Final Focus [8].
